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Background: Toll-like receptors (TLRs) represent a conserved family of innate immune 
recognition receptors. Among TLRs, TLR4 is important for the recognition of Gram-negative 
bacteria, whereas TLR2 recognizes cell wall constituents of Gram-positive microorganisms, 
such as peptidoglycan (PGN).
Methods: To evaluate the role of TLR4 in the pathogenesis of acute lung injury induced by 
Escherichia coli endotoxin (lipopolysaccharide; LPS) or PGN, we compared inﬂ  ammatory cell 
accumulation in bronchoalveolar lavage (BAL) ﬂ  uid and lung pathology between C3H/HeJ 
(TLR4 mutant) and wild-type C3H/HeN mice. The levels of proinﬂ  ammatory cytokines and 
chemokines in plasma and BAL ﬂ  uid and nuclear factor-κB (NF-κB) translocation in the lung 
were also evaluated.
Results: In C3H/HeJ mice, LPS-induced neutrophil emigration was signiﬁ  cantly decreased 
compared with C3H/HeN mice, whereas PGN-induced neutrophil emigration did not differ. 
Differential cell count in BAL ﬂ  uid revealed comparable neutrophil recruitment in the alveolar 
space. In TLR4 mutant mice, LPS-induced upregulation of tumor necrosis factor-alpha (TNF-α), 
KC, and CXCL10 in plasma and BAL ﬂ  uid was attenuate, which was not different after PGN. 
NF-κB translocation in the lung was signiﬁ  cantly decreased in C3H/HeJ compared with 
C3H/HeN mice, whereas PGN-induced NF-κB translocation was not different.
Conclusion: These results suggest that TLR4 mediates inﬂ  ammatory cascade induced by 
Gram-negative bacteria that is locally administered.
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Introduction
Lung infection is one of the leading causes of illness and death worldwide. Bacteria 
or their constituents in the lungs induce the expression of multiple genes of inﬂ  am-
matory mediators and adhesion molecules, leading to neutrophil margination within 
the microvasculature, adhesion to endothelial cells, and transmigration between 
endothelial cells into the alveolar space (Hogg and Doerschuk 1995; Doerschuk et al 
1999). The transcription of these genes, including chemokines, adhesion molecules, 
and early response cytokines, is regulated at least in part by the nuclear factor-κB 
(NF-κB) family and other transcription factors (Pahl 1999; Strieter et al 2002; 
Ciesielski et al 2002).
Toll-like receptors (TLRs) represent a conserved family of innate immune recog-
nition receptors that play key roles in detecting microbes, initiating innate immune 
responses, and linking innate and adaptive immunity (Akira et al 2006). Over the last 
few years, it has become evident that both the recognition and the subsequent response 
to pathogens are mainly transferred by TLRs (Takeuchi et al 1999; Yamamoto et al 
2004; Ding et al 2005; Akira et al 2006). Ten TLRs have been described so far, among Journal of Inﬂ  ammation Research 2008:1 2
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which TLR2 and TLR4 are the family members that have 
been investigated to the greatest extent (Takeuchi et al 1999; 
Yamamoto et al 2004).
TLR4, the endotoxin (lipopolysaccharide; LPS) receptor, 
is important for the recognition of Gram-negative bacteria, 
whereas TLR2 has been designated the major receptor for 
Gram-positive bacteria by virtue of its capacity to recognize 
major cell wall constituents of Gram-positive microorgan-
isms, such as peptidoglycan (PGN), lipoteichoic acid, and 
lipoproteins (Takeuchi et al 1999; Schwartz 2001; Branger 
et al 2004).
The role of TLRs in the inﬂ  ammatory process has been 
the subject of several recent investigations. However, most 
of the studies evaluated cellular response in vitro or systemic 
reaction such as survival rate, and a few studies have focused 
on the role of TLRs in lung inﬂ  ammatory change following 
locally administered stimuli (Fan et al 2003; Faure et al 2004; 
Schurr et al 2005). In the present series of experiments, we 
sought to determine the role of TLR4 in acute inﬂ  ammatory 
response induced by bacterial components of gram-positive 
and gram-negative bacteria. We ﬁ  rst evaluated LPS- or PGN-
induced neutrophil emigration within the lungs, comparing 
C3H/HeJ (Tlr4Lps-d) mice that carry a defective allele 
of TLR4 gene and wild-type C3H/HeN. Differential cell 
counts and levels of proinﬂ  ammatory cytokines (TNF-α, 
IFN-γ) and chemokines (KC, CXCL10) were examined in 
bronchoalveolar lavage (BAL) ﬂ  uid. We also evaluated the 
activation of NF-κB after intratracheal challenge of LPS or 
PGN using lung homogenate.
Materials and methods
Animals and reagents
Female C3H/HeN and C3H/HeJ mice were purchased from 
CLEA Japan (Tokyo, Japan). All mice were housed in the 
Keio University Animal Resource Center, and all experi-
ments received institutional approval, conforming to NIH 
guidelines. The animals were provided water and rodent 
chow ad libitum for at least 3 days prior to the experiment. 
Escherichia coli endotoxin (serotype B:55) was purchased 
from Sigma Chemicals (St. Louis, MO). PGN from 
Staphylococcus aureus was purchased from Fluka (Buchs, 
Switzerland).
Experimental protocol for acute lung 
injury in mice
Eight-week old mice weighing approximately 22 g were 
anesthetized using ketamine hydrochloride (80–100 mg/kg i.m.) 
and acepromazine maleate (5–10 mg/kg i.m.). Either E. coli 
LPS (3.0 mg/kg given as a solution of 1.2 mg LPS/ml 
phosphate buffer solution [PBS]) or PGN (1.0 mg/kg given 
as a solution of 0.4 mg PGN/ml PBS) was instilled intratra-
cheally, and control mice received PBS (2.5 ml/kg). After 
6 h, the lungs were removed and ﬁ  xed using intratracheal 
instillation of 6% glutaraldehyde at 22 cm-H2O or lavaged 
with three separate 1.0 ml volumes of PBS containing 
0.6 mM EDTA, each volume being instilled and withdrawn 
three times. Blood samples were obtained from the inferior 
vena cava and subjected to differential count of circulating 
leukocytes.
Inﬂ  ammatory cell accumulation 
in the lung
Pulmonary neutrophils were quantiﬁ  ed by morphometric 
analysis in histological sections as previously described 
(Tasaka et al 2003). Parafﬁ  n-embedded histologic 5-µm 
sections of lungs were cut and stained with hematoxylin and 
eosin. Neutrophil emigration was quantitated by counting the 
number of neutrophils in 200 randomly selected alveoli and 
was expressed as the number of neutrophils per 100 alveoli. 
Samples were also taken from the control mice that received 
PBS instillation. After the cell counting, the BAL ﬂ  uid was 
centrifuged, and the supernatants were stored at −80 °C until 
cytokine measurement. The levels of murine TNF-α, IFN-γ, 
and KC in the plasma and BAL ﬂ  uid were quantitated using 
a suspension array system (Bio-Plex; Bio-Rad, Hercules, 
CA). The murine CXCL10 was measured using an ELISA 
kit (R&D Systems, Minneapolis, MN) according to the 
manufacturer’s instruction. The minimum detectable dose 
of CXCL10 was 2.2 pg/mL.
Nuclear protein extraction 
from the lungs
Mice were anesthetized as above and received intratracheal 
instillation of PBS, LPS (3.0 mg/kg), or PGN (1.0 mg/kg). 
After 3 h, the lungs were removed and frozen immediately 
in liquid nitrogen. Nuclear extracts were prepared as previ-
ously described (Mizgerd et al 2002; Tasaka et al 2003). 
Brieﬂ  y, the isolated lungs were homogenized in 3 ml of 
ice-cold Buffer A (10 mM HEPES, 1.5 mM MgCl2, 10 mM 
KCl, 0.5 mM DTT, 0.5 mM PMSF), with a 0.1% volume 
of Nonidet P-40 and protease inhibitor cocktail (1 mg/ml 
leupeptin, 1 mg/ml aprotinin, 10 mg/ml soy bean trypsin 
inhibitor, 1 mg/ml pepstatin). Following 10-min incuba-
tion on ice, the homogenates were centrifuged at 850 × g 
for 10 min at 4 °C. The pellets were resuspended in 3 ml of 
Buffer A and centrifuged at 1,400 × g for 10 min at 4 °C. Journal of Inﬂ  ammation Research 2008:1 3
TLR4 in LPS- and PGN-induced lung injury
The crude nuclear pellets were resuspended in 50 µl of Buffer 
B (20 mM HEPES, 1.5 mM MgCl2, 0.42 M NaCl, 0.2 mM 
EDTA, 25% vol/vol glycerol, 0.5 mM DTT, 0.5 mM PMSF) 
with protease inhibitor cocktail (as described above) and 
incubated for 30 min on ice. Nuclear extracts were recovered 
following centrifugation at 20,000 × g for 15 min at 4 °C and 
stored at −80 °C. The protein concentration of the nuclear 
extracts was determined by bicinchoninic acid assay. The 
regression curve was obtained using bovine serum albumin 
as the standard.
Electrophoretic mobility shift assay 
and supershift assay
Electrophoretic mobility shift assay (EMSA) was 
performed following the manufacturer’s protocol 
(Gel Shift Assay Systems; Promega, Madison, WI) 
with several modifications (Tasaka et al 2003). The 
double strand NF-κB consensus oligonucleotide probe 
(5'-AGTTGAGGGGACTTTCCCAGGC-3') was end-labeled 
with [32P]-ATP (3,000 Ci/mmol at 10 mCi/ml) using T4 
polynucleotide kinase. Binding reactions (10 µl) containing 
35 fmol/ml of oligonucleotide probe, 5 mg of nuclear extract 
and 5 × binding buffer (10 mM Tris-HCl, 1 mM MgCl2, 
50 mM NaCl, 0.5 mM EDTA, 0.5 mM DTT, 4% vol/vol 
glycerol, 0.5 mg poly dI-dC) were incubated for 20 min at 
room temperature. Following the binding procedure, 10-fold 
loading buffer (250 mM Tris-HCl, 0.2% bromophenol blue, 
40% glycerol, 0.2% xylane cyanol) was added to stop the 
reaction. The reactions were subjected to nondenaturing 
6% polyacrylamide gel electrophoresis (NOVEX, San 
Diego, CA) in 0.5 × TBE buffer (45 mM Tris-boric acid, 
1 mM EDTA-2H2O) at 65 V for 85 min. Gels were vacuum 
dried for 45 min and exposed to X-ray ﬁ  lm (BMR; Kodak, 
Rochester, NY) at −70 °C. The relative intensity of each band 
was quantitated using scanning laser densitometry and Scion 
Image Software (Scion Corporation, Frederick, MD).
Supershift assays were performed as previously described 
(Malley et al 2003). Nuclear proteins (0.3 mg/ml) were 
incubated with 3.5 nM [32P]ATP-labeled NF-κB consensus 
oligonucleotide and an antibody against one subunit of 
NF-κB (0.2 mg/ml) for 30 min prior to electrophoresis. 
Polyclonal antibodies against RelA (sc-7151) and p50 
(sc-1192) were purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA). Protein-oligonucleotide complexes were 
separated from protein-free oligonucleotides by polyacryl-
amide gel electrophoresis and detected by autoradiography. 
Independent experiments with proteins collected from the 
lungs of different mice yielded consistent results.
Statistics
Data are presented as the mean ± SEM. One-way analysis 
of variance and Scheffe's test were used. Differences were 
considered statistically signiﬁ  cant when p  0.05.
Results
Neutrophil emigration in alveolar spaces
To evaluate the effect of TLR4 gene mutation on neutrophil 
emigration induced by bacterial products, emigrated 
neutrophils were quantiﬁ  ed morphologically in histologic 
sections. The number of neutrophils per 100 cross-sectioned 
alveolar spaces is shown in Figure 1a. In C3H/HeN, or wild 
type mice, intratracheal LPS induced marked neutrophil 
emigration within the lungs, whereas a much smaller extent 
of neutrophil emigration occurred after LPS in C3H/HeJ or 
TLR4-mutant mice. The number of emigrated neutrophils 
was signiﬁ  cantly less in C3H/HeJ than in C3H/HeN mice 
(p  0.05). PGN induced signiﬁ  cant neutrophil emigration 
within the lungs, and there was no difference in the emigrated 
neutrophils between the two strains examined. The doses of 
LPS and PGN that we selected caused similar degrees of 
neutrophil emigration. Representative microscopic ﬁ  ndings 
are shown in Figure 1b.
Neutrophil emigration in alveolar spaces following 
intratracheal instillation of bacterial product was also evalu-
ated using differential cell count in BAL ﬂ  uid (Figure 2). In 
C3H/HeN mice, LPS induced remarkable increases in the 
counts of both total cells and neutrophils, compared with 
the PBS control group of the same strain (p  0.001). The 
recruitment of inﬂ  ammatory cells after LPS was signiﬁ  cantly 
decreased in C3H/HeJ mice, compared with C3H/HeN mice 
(p  0.05). PGN challenge also induced signiﬁ  cant increases 
in the counts of both total cells and neutrophils, which did 
not differ between the two strains examined. These ﬁ  ndings 
suggested that TLR4 is responsible for LPS-induced, but 
not PGN-induced, recruitment of inﬂ  ammatory cell within 
the lungs.
Circulating WBC and neutrophil counts
Circulating WBC and neutrophil counts in blood samples 
obtained from the inferior vena cava are shown in Table 1. 
Neither WBC nor neutrophil counts was signiﬁ  cantly changed 
by intratracheal LPS administration. Although there was 
no signiﬁ  cant difference between C3H/HeJ and C3H/HeN 
mice, leukocyte and neutrophil counts were increased by 
PGN instillation (p  0.05). The absence of TLR4 signaling 
made no signiﬁ  cant difference in either circulating WBC or 
neutrophil counts.Journal of Inﬂ  ammation Research 2008:1 4
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Figure 1 (a) Neutrophil emigration in the lung.  Although LPS-induced neutrophil emigration was signiﬁ  cantly attenuated in C3H/HeJ mice, PGN-induced neutrophil accumulation 
did not differ between the two strains. (b) Representative example of lung pathology. Shown are images of lung sections obtained from C3H/HeN (i and iii) and C3H/HeJ 
(ii and iv) mice 6 hours after intratracheal instillation of LPS (i and ii) or PGN (iii and iv). Signiﬁ  cant attenuation of neutrophil emigration was observed in the C3H/HeJ mice 
followed by LPS instillation.
Notes: Open columns: C3H/HeN mice, Gray columns, C3H/HeJ mice; Data are presented as the mean ± SEM (n = 6); *p  0.05 versus control; †p  0.05 versus C3H/HeN 
mice. Magniﬁ  cation × 400.
Abbreviations: LPS, lipopolysaccharide;  PGN, peptidoglycan.
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Figure 2 Cellularity of bronchoalveolar lavage (BAL) ﬂ  uid. The total cell (a) and neutrophil (b) counts in BAL ﬂ  uid after LPS challenge were signiﬁ  cantly decreased in C3H/
HeJ mice, compared with C3H/HeN mice (p  0.01). PGN challenge also induced signiﬁ  cant increases in the counts of both total cells and neutrophils, which did not differ 
between the two strains examined.
Notes: Open columns, C3H/HeN mice; Gray columns, C3H/HeJ mice; Data are presented as the mean ± SEM (n = 6); *p  0.05 versus control; †p  0.05 versus C3H/
HeN mice.
Abbreviations: LPS, lipopolysaccharide; PGN, peptidoglycan; SEM, standard error of mean.Journal of Inﬂ  ammation Research 2008:1 5
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Cytokine and chemokine production
To validate the effect of TLR4 gene mutation on LPS-
induced upregulation of inflammatory mediators, the 
levels of inﬂ  ammatory cytokines (TNF-α and IFN-γ) and 
chemokines (KC and CXCL10) were measured in plasma 
and lung lavage ﬂ  uid with ELISA, and the results are shown 
in Figures 3–6. In C3H/HeN mice, the plasma TNF-α level 
was signiﬁ  cantly increased after LPS instillation, whereas 
LPS did not increase the plasma TNF-α level compared with 
the control group in C3H/HeJ mice (Figure 3a). The TNF-α 
level in the lavage ﬂ  uid sampled after LPS instillation was 
decreased in C3H/HeJ mice, compared with C3H/HeN 
mice (Figure 3b). Intratracheal PGN caused no signiﬁ  cant 
change in plasma TNF-α levels regardless of the strain. In 
contrast, PGN induced signiﬁ  cant upregulation of TNF-α 
in the lung lavage ﬂ  uid, which did not differ between the 
two strains.
PGN instillation signiﬁ  cantly increased the INF-γ levels 
in both plasma and BAL in C3H/HeJ mice (p  0.05) but 
not in C3H/HeN mice (Figure 4). Although the plasma IFN-γ 
level was not increased by LPS challenge, the IFN-γ level 
in BAL ﬂ  uid was signiﬁ  cantly increased after intratracheal 
PGN only in C3H/HeJ mice (Figure 4).
The plasma KC level was markedly increased after 
LPS challenge in C3H/HeN mice, which was completely 
suppressed in TLR4 mutant mice (p  0.01; Figure 5a). 
Intratracheal LPS upregulated the KC level also in BAL 
ﬂ  uid, which was signiﬁ  cantly greater in C3H/HeN than in 
C3H/HeJ mice (p  0.05; Figure 5b). PGN caused signiﬁ  cant 
increase in KC levels in lung BAL ﬂ  uid compared with the 
Table 1 Circulating leukocyte and neutrophil counts
Insult Strain Leukocyte (/mm3) Neutrophil (/mm3)
Control C3H/HeN C3H/HeJ 0.66 ± 0.13 0.78 ± 0.21 0.23 ± 0.03 0.26 ± 0.06
LPS C3H/HeN C3H/HeJ 0.56 ± 0.05 0.50 ± 0.05 0.32 ± 0.04 0.33 ± 0.03
PGN C3H/HeN C3H/HeJ 1.03 ± 0.23* 1.07 ± 0.22* 0.57 ± 0.26 0.56 ± 0.28
Note: Data are presented as the mean ± SEM (n = 6). *p  0.05 was considered to be signiﬁ  cantly different from the corresponding value of the control of the same strain.
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Figure 3 TNF-α concentration in plasma (a) and BAL ﬂ  uid (b) LPS-induced increase in plasma TNF-α concentration was signiﬁ  cantly attenuated in C3H/HeJ mice, compared 
with C3H/HeN mice. PGN-induced upregulation of TNF-α did not differ between the two strains.
Notes: Open columns, C3H/HeN mice; Gray columns, C3H/HeJ mice; Data are presented as the mean ± SEM (n = 6); *p  0.05 versus control; †p  0.05 versus C3H/
HeN mice.
Abbreviations: BAL, bronchoalveolar lavage;  LPS, lipopolysaccharide;  PGN, peptidoglycan; SEM, standard error of mean.Journal of Inﬂ  ammation Research 2008:1 6
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control group, whereas there was no difference in plasma 
KC levels between the control and PGN groups.
The plasma CXCL10 level was signiﬁ  cantly increased 
after intratracheal LPS only in C3H/HeN mice (Figure 6a). 
There was a signiﬁ  cant difference in the CXCL10 levels after 
LPS challenge between the two strains examined (p  0.01). 
The CXCL10 level in BAL ﬂ  uid was signiﬁ  cantly increased 
by LPS only in wild type mice (Figure 6b). PGN instillation 
induced no upregulation of CXCL10 regardless of the mouse 
strain.
NF-κB translocation
NF-κB translocation after instillation of PBS, LPS, or PGN 
was estimated using EMSA of whole lung nuclear extracts at 
3 h (Figure 7). In C3H/HeN, or wild type mice, LPS caused 
signiﬁ  cant NF-κB translocation in the lungs (p  0.001), 
which was attenuated in those with TLR4 gene mutation 
(p  0.05). In animals that received PGN instillation, 
signiﬁ  cant NF-κB translocation was observed, compared 
with the control mice with PBS instillation (p  0.01). 
There was no difference in lung NF-κB activation after PGN 
between the two strains examined. These results suggest that 
LPS-induced NF-κB translocation may be TLR4-dependent, 
whereas NF-κB activation after PGN may not be TLR4-
dependent.
The identities of NF-κB proteins translocating to the 
nucleus in response to LPS were investigated with supershift 
analyses, using antibodies to the p65 (RelA) and p50 subunits 
(Figure 8). Whereas the levels of NF-κB proteins in nuclear 
fractions were decreased in C3H/HeJ mice, the bands that 
were supershifted by Ab against RelA showed comparable 
intensity regardless of the strain. In contrast, the bands super-
shifted by the antibody against p50 were lighter in C3H/HeJ 
than in C3H/HeN mice, indicating that, in TLR4 mutant 
mice, the decreased translocation of p50 may be responsible 
for the attenuated NF-κB activation following intratracheal 
LPS. These results suggest that TLR4 gene mutation might 
inhibit nuclear binding of LPS-induced p65/p50 heterodimer. 
Another possibility is that the components of NF-κB may be 
different between the two strains.
Discussion
TLR4 is a key pattern recognition receptor that is essential for 
recognition of bacterial LPS, but its role in the inﬂ  ammatory 
response to locally administered stimuli has been less clear. 
In this series of experiments, we evaluated the role of TLR4 
in the development of acute lung inﬂ  ammation after intratra-
cheal challenge of bacterial cell constituents. In TLR4 mutant 
mice, LPS-induced neutrophil emigration within the lungs 
was attenuated, whereas PGN-induced emigration was not. 
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Figure 8 Supershift analysis revealed a decrease in NF-κB in nuclear fractions in 
C3H/HeJ mice. The bands that were supershifted by p65 showed similar intensity 
regardless of the strain. In contrast, the bands supershifted by Ab against p50 was 
lesser in C3H/HeJ than in C3H/HeN mice.
Abbreviation: NF-κB, nuclear factor-κB.
LPS-induced expression of proinflammatory cytokine 
(TNF-α) and chemokines (KC and CXCL10) in plasma and 
BAL ﬂ  uid was signiﬁ  cantly attenuated in TLR4 mutant mice. 
In addition, NF-κB translocation after LPS was signiﬁ  cantly 
attenuated in TLR4 mutant mice, whereas TLR4 gene muta-
tion made no signiﬁ  cant difference in PGN-induced NF-κB 
activation. We believe that these results suggest that TLR4 
might play an important role in the development of acute 
lung inﬂ  ammation after intratracheal instillation of LPS, a 
component of gram-negative bacteria.
Although there have been several reports about the 
importance of TLR4 in the inﬂ  ammatory response to LPS, 
most of them described in vitro studies or an animal model 
of systemic administration of LPS (Schwartz 2001; Fan et al 
2003; Zhou et al 2005). The effect of TLR4 deﬁ  ciency on 
lung inﬂ  ammatory change following locally administered 
stimuli has not been evaluated quantitatively.
In C3H/HeJ mice, the missense mutation in the 
intracytoplasmic domain of TLR4 acts as a dominant 
negative molecule, possibly by sequestrating the down-
stream adaptor and signaling molecules (eg, MyD88 and 
IRAK1), and prevents LPS-induced signaling and NF-κB 
activation (Poltorak et al 1998; Vogel et al 1999). Lack 
of TLR4-associated signaling results in the impaired 
transcription of various inflammatory mediators and 
adhesion molecules (Faure et al 2000; Li and Cherayil 2004). 
Although, in C3H/HeJ mice, attenuated response to systemic 
inﬂ  ammation such as sepsis and impaired bacterial clearance 
in the lung have been reported, there have been few reports 
comparing the pulmonary inﬂ  ammatory responses induced 
by LPS and PGN between TLR4 mutant and wild type mice 
(Wang et al 2002; Lee et al 2005).
In the present study, we observed that PGN from 
Staphylococcus aureus caused similar degrees of neutrophil 
accumulation in C3H/HeN and C3H/HeJ mice. Whereas 
S. aureus has been shown to be recognized by TLR2 
(Takeuchi et al 1999), the role of TLR4 in the inﬂ  ammatory 
process initiated by Gram-positive organisms remains 
controversial (Malley et al 2003; Branger et al 2004). Further 
investigation will be needed to elucidate the role of TLRs in 
infection of gram-positive organisms.
Takeuchi and colleagues (1999) showed that S. aureus 
cell wall-mediated TNF-α production was fully dependent 
on TLR2, which coincides with our ﬁ  nding that TNF-α 
levels in plasma and BAL ﬂ  uid after PGN was not different 
between the two strains examined. In this study, the plasma 
IFN-γ level after PGN instillation was signiﬁ  cantly greater 
in TLR4 mutant mice, although in PGN-treated animals, 
none of the other mediators differ between the two strains. 
Since TNF-α plays a central role in the acute inﬂ  am-
matory response (Mizgerd et al 2004), the absence of a 
TLR4-mediated signaling pathway might have upregulated Journal of Inﬂ  ammation Research 2008:1 9
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alternative pathways, leading to the enhanced IFN-γ 
production after PGN challenge. Further investigation 
will be needed to elucidate the role of TLR2 in the wall-
mediated cytokine production, such as using the TLR2 
mutant mice.
KC has been reported to be associated with neutrophil 
recruitment into the lung vascular compartment as well as 
neutrophil activation (Frevert et al 1995). In this study, 
we observed a signiﬁ  cant decrease in LPS-induced KC 
production in TLR4 mutant mice, a result which agrees 
with a previous report (Ramphal et al 2005). In PGN-
treated animals, however, plasma KC levels remained as 
low as in the control mice, which suggest that KC might 
not contribute to the recruitment of circulating neutrophils 
in response to PGN.
CXCL10 plays important roles in the host innate immune 
response to bacterial infection (Narumi and Hamilton 1991; 
Michalec et al 2002; Re and Strominger 2004). In the pres-
ent study, we observed a marked decrease in LPS-induced 
CXCL10 production in TLR4-mutants, suggesting that 
TLR4-mediated signaling may be responsible for CXCL10 
production. Although CXCL10 production is induced by 
IFN-γ, the upregulation of IFN-γ and CXCL10 was not 
parallel. In addition to the direct effect of LPS on CXCL10 
production, we speculate that the induction of CXCL10 
by IFN-γ might have not occurred 6 hours after the PGN 
challenge.
The intrapulmonary deposition of bacteria or their 
cell constituents induce the nuclear translocation of 
NF-κB complexes, including p65 (RelA) and p50 subunits 
(Doerschuk et al 1999). It is still controversial as to which 
subunit is essential for effectively responding to bacterial 
stimuli in the lungs (Alcamo et al 2001; Mizgerd et al 
2002). In this study, we observed lesser p50 in the TLR4 
mutant than in wild type mice, indicating that, in TLR4 
mutants, the decreased translocation of p50 may contribute 
to the attenuated NF-κB activation following intratracheal 
LPS. Although our data can not elucidate whether the p50 
activity observed was homo-dimer or with BCL-3, the p50 
subunit may play a more signiﬁ  cant role in LPS-induced 
neutrophil accumulation in the absence of the TLR4 signaling 
pathway.
Conclusion
TLR4 plays an important role in the development of 
LPS-induced lung inflammation through differential 
upregulation of TNF-α and chemokines, whereas the inﬂ  am-
matory response to intratracheally administered PGN was 
independent of TLR4. TLR4 contributes to the pathogenesis 
of pneumonia caused by Gram-negative organisms as well 
as systemic inﬂ  ammation such as sepsis.
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